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A B S T R A C T
Objective: Experiments in humans and animals indicate that vestibular influx through vestibular
sympathetic reflex is an important and vital part of the regulatory system of circulation. The otolith
organ adjusts the circulatory responses through the vestibular sympathetic reflex during an upright
stance and may trigger a vasovagal attack of syncope. The aim of the present study was to evaluate
the prevalence and association of syncope attacks among patients with Ménière’s disease (MD).
Vestibular syncope was defined as a sudden and transient loss of consciousness, which subsides
spontaneously in people with vestibular disorders and without localizing neurological deficit.
Methods: During clinical interactions, we encountered 5 patients with syncope during a Tumarkin
attack of MD. Thereafter we evaluated data from 952 patients collected with a questionnaire from
the Finnish Ménière Association (FMA). The data contained case histories with special attention to
Tumarkin attacks, participation restriction, migraines, and syncope attacks. The mean age of the
subjects participating in the study was 60.6 years (range 25–75 years). The duration of the disease
was on average 9.8 years (range 0.5–35 years).
Results: In the current study sample, attacks of syncope were reported by 38 patients (4%) in
association with the vertigo attack. Syncope was associated with Tumarkin attacks (X2 = 16.7,
p < 0.001), migraine (X2 = 7.4, p < 0.011), history of ischemic heart disease (X2 = 6.0, p < 0.025),
and history of cerebrovascular disease (X2 = 11.7, p < 0.004). Duration of MD was correlated with
syncope. Syncope was provoked by physical strain and environmental pressure, and was associated
with impairment of the visual field (i.e., visual blurring). In logistic regression analysis, syncope was
significantly associated with Tumarkin attacks (odds ratio 3.2), migraines (odds ratio 2.3) and nausea
(odds ratio 1.3). The attack of syncope was experienced as frightening, and general health related
quality of life (HRQoL) was significantly worsened. Also, the patients suffered more from fatigue.
Conclusion: The current study indicates that patients with MD who suffer from Tumarkin attacks
can suffer from syncope. It confirms the role of the otolith organ in controlling the circulatory
homeostasis of the body. The actions are mediated through the vestibular sympathetic reflex.
© 2017 Elsevier B.V. All rights reserved.
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Meniere’s disease (MD) is an idiopathic, chronic disorder
originating in the inner ear and is characterised by attacks of
rotatory vertigo, hearing loss, and tinnitus/fullness of the ear
[1]. The patients often also complain of gait problems, postural
instability, and in a severe form, patients suffer from a sudden
loss of balance often referred to as “drop attacks” or “Tumarkin
attacks” [2,3,4]. In Tumarkin attacks, the patients typically
report the sensation of being pushed, and they fall in the same
direction with repeated falls [5]. In mild forms, the patient can
prevent from falling by searching support, and in severe forms,
they fall down to a lying position and may suffer injuries [6]. In
the attack, the sudden slips or falls occur without warning, and
without any concomitant neurologic symptoms or a sequel. The
attacks are also linked to an abnormal ocular tilt of the
environment simultaneous with the fall [5]. These attacks result
from a sudden mechanical deformation of the otolithic
membrane of the utricle or saccule due to abnormal pressure
gradients within the inner ear [3,7].
Recent experiments on space flights indicate that the otolith
input is an important regulator of blood pressure and heart rate,
and may lead to syncope [8]. Experimental studies on animals
indicate that the vestibular system projects to cardiovascular
centres in the central nervous system through the vestibular
sympathetic reflex and modulates blood pressure and heart rate
in response to changes in the head and body position relative to
gravity [9–16]. The anatomical connection of the vestibular
sympathetic reflex pathway has been described in animals
[17]. The activated cells in this pathway were concentrated in
the caudal inferior and medial vestibular nuclei, otolith-
recipient regions, and sent axonal projections to the rostral and
caudal ventrolateral medullary areas [18]. These regions are
integral parts of the sympathetic pathway to the spinal cord,
ultimately leading to activation of the blood vessels and
controlling the heart rate [19]. Some primary otolith afferents
have polarization vectors close to the vertical axis of the head
[20]. Yakushin et al. [21] demonstrated that during pitch
oscillation, these neurons are activated as their orientation
vectors pass through the spatial, vertical, and conveyan otolith-
recipient signal to the central vestibular neurons. Among such
central otolith-related neurons are those with orientation vectors
close to the vertical axis of the head [22].
Normally in humans upon rising to a standing position, a
vestibular sympathetic reflex is initiated in the vestibular
system that operates in conjunction with the baroreflex to
maintain stable blood flow in the central nervous system
[16,23]. In animals, alteration of the vestibular sympathetic
reflex can lead to orthostatic dizziness and even syncope due to
a sudden drop in blood pressure [21]. The vasovagal response is
comparable to the vasovagal attack observed in humans [19].
Recently, both diagnostic criteria of orthostatic intolerance
leading to vasovagal syncope and its aetiology have been
reinvestigated [24] and an increasing number of epidemiologi-
cal studies have confirmed the role of orthostatic intolerance as
a potent and independent risk factor in injuries and death (for
review see Ref. [25]). Vasovagal syncope is a common event
with up to 20% of all adults experiencing it by the age of 75. Acritical feature of vasovagal syncope in humans and rats is the
simultaneous occurrence of both bradycardia and hypotension
at the onset of the syncope [26], which suggests a loss of
baroreflex function [27,28]. The vasovagal syncope elicited in
experimental conditions by vestibular stimulation is identical
for the condition wherein the vestibular sympathetic reflex is
activated [13].
We observed that in some patients, the Tumarkin attack was
associated with syncope. In the present study, we systematically
collected patients who had severe MD and who were hospitalized
for syncope without any explanation. We also studied a large
group of patients with MD to ascertain whether or not syncope is a
prevalent symptom among patients with MD.
2. Method
2.1. Study design and study sample
During 2010 and 2016, patients with attacks of unconcious-
ness were observed in a private clinic while participating in
neuro-otological evaluations. A total of five patients met the
criteria by having MD and suffering from one or more attacks of
unconsciousness. All patients were referred to more detailed
investigations including imaging studies of the head, internal
medicine evaluation with ECG recording in suspected cases
with a 24 h Holter recording. In addition, neurologists evaluated
the patients with EEG recording.
Following this initial clinical observation, a prevalence study
was conducted which used a cross-sectional survey design. To
evaluate the association of syncope with vestibular disorder,
permission was obtained from the Finnish Ménière Federation
(FMF; Suomen Meniere-liitto) to contact their members, asking
them to complete an extensive questionnaire on symptoms
related to MD. From 1646 members, the data was collected with
a written questionnaire or with an Internet-based questionnaire.
A written letter with a multipage questionnaire was sent to
1200 members of the society, and 740 members returned the
questionnaire adequately filled. 446 members not included in
the paper-based questionnaire were encouraged to reply on the
Internet based questionnaire, and 221 members filled the
Internet-based questionnaire adequately. The written question-
naire and Internet-based questionnaire were identical. Under
Finnish law, this kind of study does not need ethical approval.
The total sample was composed of 961 individuals (58.4%).
703 were females and 258 were males. Their mean age was
60.6 years (SD 13 years). Their MD-specific symptoms had
lasted an average of 9.8 years (SD 5.1 years). Vestibular
syncope was defined as a sudden and transient loss of
consciousness, which subsides spontaneously in people with
vestibular disorders and without localizing neurological deficit.
2.2. Data collection
A detailed 86-item otoneurology questionnaire was used for
assessing the symptoms and consequences of the disorder [29–
31]. The EuroQol EQ-5D-3L tool was used to study the
general health-related quality of life (HRQoL) [32]. The
EuroQol EQ-5D-3L tool has a test-retest reliability of 0.66 and
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as the Short Form-36 (SF-36) [33]. Disease-specific impact
assessment was done using a mixture of open-ended and
closed questions. The questionnaire based on the ICF was used
to classify the impact of the disease at the individual level
[30]. Syncope was defined as a sudden and transient loss of
consciousness, which subsides spontaneously and without
localizing neurological deficit. The question on syncope was
formulated as follows: “When you have a vertigo attack, do
you have these symptoms during the attack? Choose one or
several options: (1) feeling of rotation; (2) feeling of floating;
(3) tendency to fall; (4) instability when moving; and (5)
becoming unconscious”. We used the question of uncon-
sciousness as an outcome criterion in the present study.
2.3. Data analysis
Descriptive statistics were explored. Non-parametric tests
such as Mann–Whitney U test and Kruskal Wallis H test were
used to further analyze the data in order to explore the
association between syncope and demographic details as well as
complaints associated with the disease. The dependencies
between factors were examined using the logistic regression
analysis. A p-value of 0.05 was used for statistical significance
interpretation.
3. Results
3.1. Case reports from the private clinic
We collected detailed case histories and interviewed
5 patients who were visiting emergency units because of
unconsciousness in connection with MD (see Table 1). In all
these patients, the unconsciousness was eyewitnessed either by
spouse, ambulance personnel, or emergency unit personnel.
One fell from a boat into the water and was rescued; one fell
from a staircase and had broken a maxilla bone and wrist bone;Table 1
Case histories of unconsciousness among patients with MD. Frequency of Tuma
Gentamicin injections, visual problems during the attack, gait problems outside










599AK Daily with falls No 46 y, 12 y Gentamicin inje
3 times in Righ
600AML Weekly No 65 y, 25 y Betahistine,
Prochlorperazin
602TH Daily Weekly 44 y, 6 y Gentamicin inje
5 times in Righ
8 times in Left 
587MB* Monthly Monthly 41 y, 2 y Betahistine,
Prochlorperazin
594LAM** Monthly Monthly 38 y, 17 y Betahistine,
Prochlorperazin
* At age 17 had migraine with visual aura. Ended after pregnancy at age 26.
** Horton’s neuralgia, Holter recording is going on.one fell at home receiving bruises; and one fell in a shop. All
had severe MD with Tumarkin attacks. Two of them had been
with intratympanic gentamicin injections. In the emergency
room and in later testing, no definite reason for attacks of
unconsciousness was detected. In one person, the long term
Holter recording is still to be carried out. In another patient, a
transient ischemic attack was suspected, although there was no
clinical or MRI verification of this.
3.2. Syncope with vertigo studied using a cross-sectional
survey
Using questions asking for details of vertigo, we asked
whether the patient had experienced loss of consciousness in
connection with vertigo. The attacks of unconsciousness were
reported in connection with vertigo by 38 subjects out of
961 subjects (i.e., 4%). The patients with syncope had a
significantly longer history of MD (t = 2.642, p = 0.008).
However, no differences between age and gender were
observed (Fig.1).
In the Kruskal Wallis test, the attacks of syncope were
significantly related to Tumarkin attacks and to the frequency of
the Tumarkin attacks. The syncope was not associated with
rotatory vertigo attacks nor other postural problems. However,
it was provoked by mental pressure and physical exercise. It
was also associated with nausea (see Table 2).
We also searched for association of syncope with headache
and with neurological symptoms (see Table 3). Syncope was
associated with migraine, blurred vision, and feelings of
inebriation. Nevertheless, syncope was not associated with
neurological complaints. The patients with syncope experi-
enced fatigue. The syncope was correlated with migraine and
tended to be associated with headache during the vertigo attack.
The patients with syncope had a history of cerebrovascular
insults and ischemic heart disease.
In logistic regression analysis, three items predicted
significantly the syncope (see Table 4). The most importantrkin attacks, rotatory vertigo attacks, age and duration of Meniere’s disease,
 of the attack, and preliminary diagnosis of unconsciousness. Abbreviation:
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Table 3
Association of neurological complaints with syncope examined using the
Kruskal Wallis test.
Symptoms Chi-square df Sig.
Migraine 7.376 1 0.011
Headache outside attacks 0.230 1 0.636
Headache during attacks 3.770 1 0.051
Feeling of being inebriated 6.820 1 0.011
Feeling that visual field is blurred 7.977 1 0.007
Absence of visual field during attack 1.894 1 0.226
Dysarthria or speech problems during the attack 2.297 1 0.154
Problems with swallowing during the attack 1.280 1 0.304
Paresis of any nerves during the attack 2.007 1 0.187
History of cerebrovascular insults 11.727 1 0.004
History of ischemic heart disease 6.017 1 0.025





was Tumarkin attacks (p = 0.001), followed by migraine
(p = 0.016), and nausea (p = 0.027). The model could explain
9.5% of the variability of syncope in patients with MD.
3.3. Impact of syncope
Under questions asking details of impact of syncope, we
asked whether the patient had experienced loss of conscious-
ness (syncope) in connection with quality of life, mood and
severity of MD. The syncope was associated with loss of energy
and a worsened quality of life (see Table 5).
4. Discussion
The inability to maintain stable blood pressure during a
position change is called orthostatic intolerance, which causes a
drop in blood pressure [25]. The functional changes accompa-
nying orthostatic intolerance can be understood as a temporal
mismatch between cardiac output and vascular resistance
[8,34]. In the present study, we report five patients identified
with MD who had suffered from syncope during the Tumarkin
attack. All were relatively young, and in a clinical following, no
other disease explained the syncope. These observations
initiated the current larger cross-sectional study. Among
961 patients with MD, 38 reported that that they had been
unconscious during an attack of MD suggest that some of the
drop attack with loss of consciousness is vestibular origin. In
Fig. 1. Effect of duration of MD on prevalence of syncope (t = 2.64
p = 0.008).Table 2
Association of vertigo complaints with syncope as indicated by the Kruskal
Wallis test.
Symptoms Chi-square df Sig.
Tumarkin attacks 16.72 1 0.0001
Frequency of attacks 6.49 1 0.011




Physical strain induced vertigo 4.26 1 0.039statistical work, the syncope attacks were associated with
Tumarkin attacks, and in logistic regression analysis, Tumarkin
attacks had carried an odds factor of 3.5 for syncope. Attacks of
syncope reduced their HRQoL, and the patients experienced
fatigue. It was more common in patients with a long history of
MD, and was also associated with visual complaints. Calzada
et al. [35] evaluated the association of otolithic membrane in
patients with endolymphatic hydrops and came to the
conclusion that the otolithic membrane was consistently
damaged in patients with syncope, thus confirming histologi-
cally the importance of the otolith organ in attacks of syncope
among patients with MD.
Among the German population, Radtke et al. [36] reported
that orthostatic intolerance accounted for 42% of subjects with
dizziness/vertigo and for 55% of non-vestibular dizziness
diagnoses. However, as they were not able to classify a specific
vestibular disorder, syncope was not included in this study and
thus has not been reported in humans. In the present study,
syncope was relatively rare among patients with MD as 4% of
the patients had experienced syncope. However, we assume that
syncope is more common as was reported. The patients will
often have post-attack amnesia, not recalling whether they were
unconscious or not [37]. When evaluating the origin of syncope,
O’Mahony and Foote [38] demonstrated in the elderly that
about 2% of syncope that they classified as unexplained
syncope were caused by a vestibular disorder. No definite cause
can be identified in nearly 40% of patients with moderate-to-
severe classical orthostatic intolerance [39]. Maybe the
vestibular organ associated with syncope has been misinter-
preted or is quite rare. With the current numbers in mind, if the
prevalence of MD is 513/100.000, then the true prevalence of
vestibular syncope is about 25/100.000 [40].Table 4
Outcome of logistic regression analysis on items explaining syncope in
Meniere’s disease.
B S.E. Wald df Sig. Exp (B)
Constant 4.572 0.468 95.349 1 0.0001 0.010
Tumarkin
attack
1.156 0.355 10.595 1 0.001 3.176
Migraine 0.870 0.363 5.750 1 0.016 2.386
Nausea 0.292 0.132 4.910 1 0.027 1.339
Fig. 2. The suggested mechanism controlling heart rate and circulatory responses. The baroreceptors located in the large arteries respond within 1.5 s to changes in
blood pressure. The baroreceptors convey information on heart rhythm and blood pressure to solitary nucleus. From there, the cardio-inhibitory response travels to the
nucleus ambigus and pressure data to the brain stem and blood pressure nucleus. The blood pressure and blood circulation control is located in the caudal ventrolateral
medullary region (CVLM) and collects data from these and also forms vestibular otolith input via vestibular sympathetic reflexes. The CVLM gives rise to both
excitatory and GABAergic inhibitory projections to the rostral ventrolateral medulla (RVLM), an area containing presympathetic neurons that innervate the
intermediolateral cell column in the spinal cord. This pathway maintains homeostasis through constant negative feedback activity. The vestibular sympathetic reflex
pathway was demonstrated from the caudal half of the spinal, medial, and parvocellular medial vestibular nuclei to the RVLM and CVLM. The outcome from the
heart rate and blood circulation centre is directed through different channels to peripheral circulation and the heart (data adapted from Refs. [13,18,43,44]).
I. Pyykkö et al. / Auris Nasus Larynx 45 (2018) 234–241238The origin of vestibular sympathetic reflex has been reported
originally in animal experiments with sinusoidal galvanic
stimulation of the vestibular system. In some animals,
vestibular stimulation produced vasovagal syncope-like symp-
toms, including fatigue and uncoordinated movements or
spontaneous falling [19]. With a similar stimulation system,
Yakushin et al. [21] demonstrated that stimulation of the
vestibular sympathetic reflex caused changes in peripheral
resistance and cardiac output. Many studies indicate that
cardiovascular responses to sinusoidal oscillation in pitch are of
otolith origin [28,41,42]. Sympathetic nerve activity is
modulated by otolith and not canal-related inputs [23]. The
vasovagal influx arises from otolith neurons with orientation
vectors close to the vertical axis of the head [21]. These neuronsTable 5
Association of syncope with impact caused by Meniere’s disease using the
Kruskal Wallis test.
Symptoms Chi-square df Sig.
Anxiety 2.48 1 0.116
Loss of energy 6.03 1 0.013
EQoL-VAS 1.99 1 0.158
EQoL-5D 4.74 1 0.030
MD-impact rating 2.85 1 0.092are likely to provide critical input to the vestibular sympathetic
reflex to increase blood pressure and heart rate upon changes in
head position relative to gravity and to contribute to the
production of vasovagal oscillations and vasovagal responses
and syncope when the baroreflex is inactivated (see Fig. 2). A
critical feature of vasovagal responses in humans and
experimental animals is the simultaneous occurrence of both
bradycardia and hypotension at the onset of the vasovagal
responses [26], which suggests a loss of baroreflex function
[27,28]. Exactly how this baroreflex inactivation occurs,
however, is unknown.
In the present study, we found a significant association
between syncope and migraine. In the paediatric population,
migraine is the most common reason for syncope [45]. Also
among adult females the migraine was associated with syncope
[46] and carried a higher risk for ortostatic intolerance
[47]. Curfman et al. [48] reported that nearly one-third of their
recurrent syncope subjects met the criteria for syncopal migraine.
Clinically they had similar clinical complaints as other
migranours, and the anti-migraine treatment reduced syncope
in half of the syncope migraine subjects. So far the clinical
symptoms of migraine associated with vertigo have not been
delineated. Nakada et al. [49] demonstrated that patients with
migraine associated vertigo have endolymphatic hydrops in the
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Guerkov et al. [50] demonstrated that 25% of patients had
endolymphatic hydrops in both the vestibular labyrinth and
cochlea. Migraine may also be associated with endolymphatic
hydrops without vertigo, but with fluctuating hearing loss [51]. In
MD, all patients will demonstrate endolymphatic hydrops
[1,52]. Further studies are needed to evaluate the mechanism
and role of migraine associated with endolymphatic hydrops and
syncope. In the current study only one subject had tried beta-
blocking agents but without any benefit against vertigo attacks.
Several epidemiological studies have confirmed the role of
orthostatic intolerance as a potent and independent risk factor
not only for syncopal attacks but also for total mortality and
various conditions, such as coronary disease, stroke, heart and
renal failure [25,53]. We observed that a history of
cerebrovascular disease and ischemic heart diseases were
associated with syncope. We tend to interpret that these
disorders were provoking factors rather than a reason for
syncope. Due to stiffening of the arterial walls and limited
buffer capacity of the circulation, brain circulation becomes
more intolerant for orthostatic pressure changes induced by
positional strain. Ballester et al. [54] indicated among elderly
patients with MD that drop attacks were highly prevalent (about
40%). The aetiology of drop attacks was liable to be
misdiagnosed even if the symptoms and signs were consistent
with MD [55]. Further studies are needed to evaluate the role of
vestibular drop attacks in the elderly and the association of
vestibular fault with other diseases. Noteworthy is that we
found that in the elderly living in the elderly home about 10%
had vestibular vertigo attacks and in half of the elderly suffering
from balance problems had benign positional vertigo [56].
The consequences of Tumarkin attacks and syncope are
frightening. In the present study, the quality of life measured
with the EuroQoL EQ-5D-3L instrument was significantly
worsened among patients with syncope. The patients with
syncope were more fatigued. Loss of vitality has been reported
as a consequence in patients with a vestibular orthostatic
disorder [13]. These items should be taken into consideration
during therapeutic efforts, although the therapeutic possibilities
seem to be limited. Gentamicin therapy is the most promising
and provides relief from Tumarkin attacks in 60–90% of
patients [57,58]. However, two of the five patents in the present
study were treated with gentamicin with limited efficacy. We
interpreted this to the poor penetration of gentamicin through
the oval window ligaments [59]. This may explain why some
patients with Tumarkin attacks are quite resistant against
therapy [60]. Cardio-specific beta-blockers may be beneficial as
they inhibit the vestibular sympathetic cardio-inhibitory reflex
as has been suggested [25]. Since the drop attacks are closely
related to migraine, treating migraine may possibly benefit
those with drop attacks. Treatment for migraine-associated
syncope might be worth of trying but so far there is no validated
treatment for that. The effect of beta blocking agents was nor
beneficial in one patient (i.e., Table 1 patient 602 TH). Further
work is needed to explore the treatment options for people with
vestibular syncope.
The current study suffers from some shortages. First the
syncope attacks among the 38 patients with MD in the largerstudy were not controlled for eye witness. As patients tend not
to recall shot lasting syncope due to post syncopal amnesia the
number of patients is probable greater than we reported here.
We also did not evaluate vestibular evoked myogenic potentials
(VEMP) among the patients. It may be so that VEMP is
sensitive and in clinical cases it could point out which subjects
with Tumarkin attacks are in risk of syncope. It may be so that
utricular otolithic input rather than saccular one could actually
impact the baroreceptor sensitivity and affect muscle and skin
sympathetic nerve activity [61,62]. In this case the ocular
VEMP could be useful as a predictor of the possible risk. A
further study would be useful to investigate the association of
Tumarkin attack with eyewitnessed syncope and to study the
characteristics of Tumarkin attacks linked with syncope.
5. Conclusions
The vestibular system is controlling blood pressure during
positional change via vestibular sympathetic reflex. The
syncope accompanying orthostatic intolerance can be under-
stood as a temporal mismatch between cardiac output and
vascular resistance. Among 4% of patients with MD, attacks of
syncope were associated with Tumarkin attack. A fault in
otolith input due to Tumarkin attack seems to activate an
erroneous vestibular sympathetic reflex leading to paradoxal
inactivation of baroreflex, resulting in a syncope mimicking a
vasovagal attack.
References
[1] Nakashima T, Pyykko¨ I, Arroll MA, Casselbrant M, Foster C, Manzoor
N, et al. Meniere’s disease. Nat Rev Dis Primers 2016;2:16028. http://
dx.doi.org/10.1038/nrdp.2016.28.
[2] Tumarkin A. The otolithic catastrophe: a new syndrome. Br Med J
1936;1:175–7.
[3] Baloh RW, Jacobson K, Winder T. Drop attacks with Menie`re’s
syndrome. Ann Neurol 1990;28(3):384–7.
[4] Kentala E, Havia M, Pyykko¨ I. Short lasting drop attacks in Meniere’s
disease. Otolaryngol — Head Neck Surg 2001;124:526–30.
[5] Ishiyama G, Ishiyama A, Baloh RW. Drop attacks and vertigo second-
ary to a non-meniere otologic cause. Arch Neurol 2003;60:71–5.
[6] Vibert D, Caversaccio M, Ha¨usler R. Meniere’s disease in the elderly.
Otolaryngol Clin North Am 2010;43(5):1041–6. http://dx.doi.org/
10.1016/j.otc.2010.05.009.
[7] Brandt T. Otolithic vertigo. Adv Otorhinolaryngol 2001;58:34–47.
[8] Hallgren E, Migeotte PF, Kornilova L, Delie`re Q, Fransen E, Glukhikh
D, et al. Dysfunctional vestibular system causes a blood pressure drop
in astronauts returning from space. SciRep 2015;5:17627. http://dx.doi.
org/10.1038/srep17627.
[9] Abe C, Tanaka K, Awazu C, Morita H. Impairment of vestibular-
mediated cardiovascular response and motor coordination in rats born
and reared under hypergravity. Am J Physiol Regul Integr Comp
Physiol 2008;295:R173–80.
[10] Abe C, Tanaka K, Awazu C, Morita H. Strong galvanic vestibular
stimulation obscures arterial pressure response to gravitational change
in conscious rats. J Appl Physiol 2008;104:34–40.
[11] Carter JR, Ray CA. Sympathetic responses to vestibular activation in
humans. Am J Physiol Regul Integr Comp Physiol 2008;294:R681–8.
[12] Ray CA. Interaction of the vestibular system and baroreflexes on
sympathetic nerve activity in humans. Am J Physiol Heart Circ Physiol
2000;279:H2399–404.
[13] Raphan T, Cohen B, Xiang Y, Yakushin SB. A model of blood pressure,
heart rate and vaso-vagal responses produced by vestibulo-sympathetic
I. Pyykkö et al. / Auris Nasus Larynx 45 (2018) 234–241240activation. Front Neurosci 2016;10(96). http://dx.doi.org/10.3389/
fnins.2016.00096.
[14] Tanaka K, Abe C, Awazu C, Morita H. Vestibular system plays a
significant role in arterial pressure control during head up tilt in young
subjects. Auton Neurosci 2009;148:90–6.
[15] Yates BJ. Vestibular influences on the autonomic nervous system. Ann
NY Acad Sci 1996;781:458–73.
[16] Yates BJ, Aoki M, Burchill P, Bronstein AM, Gresty MA. Cardiovas-
cular responses elicited by linear acceleration in humans. Exp Brain
Res 1999;125:476–84.
[17] Holstein GR, Friedrich VLJ, Martinelli GP, Ogorodnikov D, Yakushin
SB, Cohen B. Fos expression in neurons of the rat vestibulo-autonomic
pathway activated by sinusoidal galvanic vestibular stimulation. Front
Neurol 2012;3(4). http://dx.doi.org/10.3389/fneur.2012.00004.
[18] Holstein GR, Friedrich Jr VL, Martinelli GP. Projection neurons of the
vestibulo-sympathetic reflex pathway. J Comp Neurol 2014;522
(9):2053–74. http://dx.doi.org/10.1002/cne.23517.
[19] McBride DW, Reis C, Frank E, Klebe DW, Zhang JH, Applegate RII,
et al. An experimental model of vasovagal syncope induces cerebral
hypoperfusion and fainting-like behavior in awake rats. PLoS One
2016;11(9):e0163280. http://dx.doi.org/10.1371/journal.
pone.0163280.
[20] Xerri C, Barthe´le´my J, Harlay F, Borel L, Lacour M. Neuronal coding
of linear motion in the vestibular nuclei of the alert cat. I. Response
characteristics to vertical otolith stimulation. Exp Brain Res
1987;65:569–81. http://dx.doi.org/10.1007/BF00235980.
[21] Yakushin SB, Martinelli GP, Raphan T, Xiang Y, Holstein GR, Cohen
B. Vasovagal oscillations and vasovagal responses produced by the
vestibulo-sympathetic reflex in the rat. Front Neurol 2014;5:37. http://
dx.doi.org/10.3389/fneur.2014.00037.
[22] Schor RH, Miller AD, Tomko DL. Responses to head tilt in cat central
vestibular neurons. I. Direction of maximum sensitivity. J Neurophy-
siol 1984;51:136–46.
[23] Yates BJ, Bolton PS, Macefield VG. Vestibulo-sympathetic responses.
Compr Physiol 2014;4:851–87.
[24] Freeman R, Wieling W, Axelrod FB, Benditt DG, Benarroch E,
Biaggioni I, et al. Consensus statement on the definition of orthostatic
hypotension, neutrally mediated syncope and the postural tachycardia
syndrome. Clin Auton Res 2011;21:69–72.
[25] Fedorowski A, Melander O. Syndromes of orthostatic intolerance: a
hidden danger. J Intern Med 2013;273(4):322–35. http://dx.doi.org/
10.1111/joim.12021.
[26] Lewis T. Vasovagal syncope and the carotid sinus mechanism. Br Med
J 1932;3723:873–6. http://dx.doi.org/10.1136/bmj.1.3723.873.
[27] Julu PO, Cooper VL, Hansen S, Hainsworth R. Cardiovascular regu-
lation in the period preceding vasovagal syncope in conscious humans.
J Physiol 2003;549(Pt 1):299–311.
[28] Cohen B, Martinelli GP, Ogorodnikov D, Xiang Y, Raphan T, Holstein
GR, et al. Sinusoidal galvanic vestibular stimulation (sGVS) induces a
vasovagal response in the rat. Exp Brain Res 2011;210(1):45–55. http://
dx.doi.org/10.1007/s00221-011-2604-4.
[29] Kentala E. Characteristics of six otologic diseases involving vertigo.
Am J Otol 1996;17(6):883–92.
[30] Levo H, Stephens D, Poe D, Kentala E, Pyykko I. Use of ICF in
assessing the effects of Meniere’s disorder on life. Ann Otol Rhinol
Laryngol 2010;119(9):583–9.
[31] Stephens D, Pyykko I, Kentala E, Levo H. Positive experiences
reported by people with Meniere’s disorder: a quantitative study. Acta
Otolaryngol 2010;130(9):1013–8. http://dx.doi.org/10.3109/
00016481003629341.
[32] Rabin R, de Charro F. EQ-5D: a measure of health status from the
EuroQol Group. Ann Med 2001;33(5):337–43.
[33] Mahadeva S, Wee H-L, Goh K-L, Thumboo J. The EQ-5D (Euroqol) is
a valid generic instrument for measuring quality of life in patients with
dyspepsia. BMC Gastroenterology 2009;9(20). http://dx.doi.org/
10.1186/1471-230x-9-20.
[34] Wieling W, Krediet CT, van Dijk N, Linzer M, Tschakovsky ME.
Initial orthostatic hypotension: review of a forgotten condition. Clin Sci
2007;112:157–65.[35] Calzada AP, Lopez IA, Ishiyama G, Ishiyama A. Otolithic membrane
damage in patients with endolymphatic hydrops and drop attacks. Otol
Neurotol 2012;33(9):1593–8. http://dx.doi.org/10.1097/MAO.0-
b013e318271c48b.
[36] Radtke A, Lempert T, von Brevern M, Feldmann M, Lezius F,
Neuhauser H. Prevalence and complications of orthostatic dizziness
in the general population. Clin Auton Res 2011;21(3):161–8. http://dx.
doi.org/10.1007/s10286-010-0114-2.
[37] O’ C, Dwyer, Bennett K, Langan Y, Fan CW, Kenny RA. Amnesia for
loss of consciousness is common in vasovagal syncope. Europace
2011;13:1040–5.
[38] O’Mahony D, Foote C. Prospective evaluation of unexplained syncope,
dizziness, and falls among community-dwelling elderly adults. J
Gerontol A Biol Sci Med Sci 1998;53(6):M435–40.
[39] Robertson D, Robertson RM. Causes of chronic orthostatic hypoten-
sion. Arch Intern Med 1994;154:1620–4.
[40] Havia M, Kentala E, Pyykko¨ I. Prevalence of Menie`re’s disease in
general population of Southern Finland. Otolaryngol Head Neck Surg
2005;133(5):762–8.
[41] Ishikawa T, Miyazawa T. Sympathetic responses evoked by vestibular
stimulation and their interactions with somato-sympathetic reflexes. J
Auton Nerv Syst 1980;1:243–54.
[42] Kerman IA, Yates BJ, McAllen RM. Anatomic patterning in the
expression of vestibulosympathetic reflexes. Am J Physiol Regul Integr
Comp Physiol 2000;279:R109–17.
[43] Yates BJ, Bronstein AM. The effects of vestibular system lesions on
autonomic regulation: observations, mechanisms, and clinical implica-
tions. J Vestib Res 2005;15:119–29.
[44] Guyton A, Hall J. Textbook of medical physiology. 11th ed. Philadel-
phia: Elsevier; 2006.
[45] Raucci U, Vanacore N, Paolino MC, Silenzi R, Mariani R, Urbano A,
et al. Vertigo/dizziness in pediatric emergency department: five years’
experience. Cephalalgia 2016;36(6):593–8. http://dx.doi.org/10.1177/
0333102415606078.
[46] Vallejo M, Martı´nez-Martı´nez LA, Grijalva-Quijada S, Olguı´n-Ruval-
caba HM, Salas E, Hermosillo AG, et al. Frequency of migraine in
patients with vasovagal syncope. Int J Cardiol 2014;171(2):e14–5.
http://dx.doi.org/10.1016/j.ijcard.2013.11.132.
[47] Kruit MC, Thijs RD, Ferrari MD, Launer LJ, van Buchem MA, van
Dijk JG. Syncope and orthostatic intolerance increase risk of brain
lesions in migraineurs and controls. Neurology 2013;80(21):1958–65.
http://dx.doi.org/10.1212/WNL.0b013e318293e1c7.
[48] Curfman D1, Chilungu M, Daroff RB, Alshekhlee A, Chelimsky G,
Chelimsky TC. Syncopal migraine. Clin Auton Res 2012;22(1):17–23.
http://dx.doi.org/10.1007/s10286-011-0141-7.
[49] Nakada T, Yoshida T, Suga S, Kato K, Otake H, Kato K, et al.
Endolymphatic space size in patients with vestibular migraine and
Me´nie`re’s disease. J Neurol 2014;261(11):2079–84.
[50] Gu¨rkov R, Kantner C, Strupp M, Flatz W, Krause E, Ertl-Wagner B.
Endolymphatic hydrops in patients with vestibular migraine and
auditory symptoms. Eur Arch Otorhinolaryngol 2014;271(10):2661–7.
[51] Liu IY, Ishiyama A, Sepahdari AR, Johnson K, Ishiyama G. Bilateral
endolymphatic hydrops in a patient with migraine variant without
vertigo: a case report. Headache 2016. http://dx.doi.org/10.1111/
head.12976.
[52] Pyykko¨ I, Nakashima T, Yoshida Y, Zou J, Naganawa S. Meniere’s
disease: a reappraisal supported by a variable latency of symptoms and
the MRI visualisation of endolymphatic hydrops. BMJ Open 2013;3
(2). http://dx.doi.org/10.1136/bmjopen-2012-001555. pii: e001555.
[53] Soteriades ES, Evans JC, Larson MG, Chen MH, Chen L, Benjamin EJ,
et al. Incidence and prognosis of syncope. N Engl J Med 2002;12:878–85.
[54] Ballester M, Liard P, Vibert D, Ha¨usler R. Menie`re’s disease in the
elderly. Otol Neurotol. 2002;23(1):73–8.
[55] Lee H, Yi HA, Lee SR, Ahn BH, Park BR. Drop attacks in elderly
patients secondary to otologic causes with Meniere’s syndrome or non-
Meniere peripheral vestibulopathy. J Neurol Sci 2005;232(1–2):71–6.
[56] Tuunainen E, Poe D, Ja¨ntti P, Varpa K, Rasku J, Toppila E, et al.
Presbyequilibrium in the oldest olds, a combination of vestibular, oculo-
motor and postural deficits. Aging Clin Exp Res 2011;23(5–6):364–71.
I. Pyykkö et al. / Auris Nasus Larynx 45 (2018) 234–241 241[57] Kaasinen S, Pyykko¨ I, Ishizaki H, Aalto H. Intratympanic gentamicin
in Meniere’s disease. Acta Otolaryngol (Stockh) 1995;118:294–8.
[58] Viana LM, Bahmad Jr F, Rauch SD. Intratympanic gentamicin as a
treatment for drop attacks in patients with Meniere’s disease. Laryn-
goscope 2014;124(9):2151–4. http://dx.doi.org/10.1002/lary.24716.
[59] Zou J, Pyykko I. Enhanced oval window and blocked round window
passages for middle-inner ear transportation of gadolinium in guinea
pigs with a perforated round window membrane. Eur Arch Oto-Rhino-
Laryngol Head Neck 2015;272(2):303–9. http://dx.doi.org/10.1007/
s00405-013-2856-7.[60] Pyykko¨ I, Ishizaki H, Kaasinen S, Aalto H. Intratympanic gentamicin
in bilateral Meniere’s disease. Otolaryngol Head Neck Surg
1994;110:162–7.
[61] Aoki M, Burchill P, Yates B, Golding JF, Gresty MA. Graviceptive
control of blood pressure in man. Arch Ital Biol 2000;138(1):93–7.
[62] Hammam E, Kwok K, Macefield VG. Modulation of muscle sympa-
thetic nerve activity by low-frequency physiological activation of the
vestibular utricle in awake humans. Exp Brain Res 2013;230(1):137–
42. http://dx.doi.org/10.1007/s00221-013-3637-7.
